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Title: 

SEMICONDUCTOR LIGHT EMITTING DEVICE 



Abstrdcti 

PROBLEM TO BE SOLVED: To obtain a GaN LD with low noise and a stable lateral mode 
capable of a long-life continuous operation by forming a contact layer made of BP or GaN 
or SiC between a double heterostructure part and an electrode surface feeding a 
heterojunction strutured part with an operating current. SOLUTION: A buffer layer 3 is 
formed on a substrate 2 and after annealing step, a contact layer 4 made of Si doped n- 
GaN is formed. Next, the first clad layer 5, a waveguide layer 6, a light emitting layer 7, the 
second clad layer 8, a saturation absorbable layer 9, the third clad layer 10 are formed 
furthermore, the second waveguide layer 11, the fourth clad layer 12 and an Mg doped 
intermediate contact layer 13 are successively formed. Next, the other contact layer 14 

made of Mg doped p-BP is formed on the intermediate contact layer 13 between the 
projecting striped waveguide layer 11 and the fourth clad layer 12. The thickness of this 
contact layer 14 is equivalent to the distance from the surface of the projecting stripe to 
the bottom of a current feeding electrode 15 on the topmost part. 
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[ff^JSl] A 1, Ga I ni-,.y N (O^x+yg 

izmi^mm^mk-thmmm t orate, b pxtio a n 
m^m 2 ] mi mmmcom i m t^^ubmt . ^bt® 

im^<r)^mt. mmM±M(^±.\<zm2mmm(r>zi 

WB(r>m2mt^ih>mtlK A1, Oalni.,., N (0 

^x+ygi, o^x. 1 ) ii^i^m^^ix. m%m 

2mmMcr>-3y-$'^hmti^BPXiiGa.^X{tS i C*^ 

c mim 3 ] m%mm±mit b p , xti s i c . x 

mm^zn^thmmifiWz g a n , x\iMmsi<r> 

2m^im(Dmw\.zi;: ^mm.mzinirh%mt.t>m± 
LfzG a nx'h^ i t ^w^fthns.'m2^ztmLtz 

[i»*3S4] mw2mmM<m2m\:.^mff>mi 

{}iW><7}-m±Mx\i\m<^&m'k^j:'tmwmMmm±. 

mzmz^ mm^mAMfmu^^::iy'S":^hm±. 

1=. 1?riB^2S!Em?g<03:^:?^'h«2:?^^-r-S>Cli:Sr!^ 

[ii*«5] H(f^2^mjgc7)ii2Wtjiy>Ji{i. IS 

2mmMcrmmamim^istii.cox'hhzt sr^mt 

■r Sit 2 T^Sff *JS4 c^w^-fixAHciEiiL-t^^fis 
Ni:A 1, Gai-,N (O^x^l ) c7)2Jl«jt*^^>^ 
[|f*«7] Bil^^«aW©iRii{iGai., In, N 

(osxgi ) X'hh^t^''^t'ri>mim5wss,(r> 

[00 0 1] 



XKim^^ix. m^t^^i&m^\-<r>^^mi,>.zt5\^x. ^ 
^mzmthi:>(^xthh. 

[0002] 

[^c^gttt] gs^-irtf 1 1 1 -vii-fi:-&!|%i^«cT 

fti.GaNRtXGaN^ma{i. ^!^i|i*«3. 4eV 

^#$ix-Cl^S. ^:J^^^-H (J3lTLEDi:B&?i;) 
i:Lf GaN$:ffll,^^c»feLED<7)gB^*iiJa^*»<^> 
fftJ^TV^^. t*^L. GaNaV^GaN^m^SrfflV^ 
7^>: L D tJ V {4 . >' WxmV^ijm^ ^tLX\^h<D?*X' 

tenfflio^KJii: Lxm.m-thfzib{z{t. wmm'^m 

Wfe L E D icov ^X t . ^^T^^^iO t <r>\m^ti 
[0003] ll9tC3^3^tlll, m2(DttjDibm^ 

aInP (13lT#t=i^S'5rJ^<7){3*^A, Bi., C. 0 
^xSlcO-ft-^!|%|SrABCi:B&«^-r-l., 47Ci^i,|S|t) 
*>^{Ki.%7M3 7<7)TgPl=n-A 1 GaAs*><i>^S 
mi<r>t ta^Ji 3 6 *«il»t ^tL. lufBIBeJi 3 7 <0± 
gPtdfl^^teJnl^iX/^vrp-A 1 Ga I nP*>^>^S||2 

m2(ottiLfsbm3 3commmizmLx. mmsAtm 

ttS^^SrW-r&n-GaAsXJin-A 1 GaAs 

i}-^^^mms±m3 9^mf?>, amzMx^titzm 

2<7)ttjLibm3 8<7)m±WI,Zp* -GaInP*>/?>^ 
^fpm::iy^'^hm4 0im^^tl. mm'^^y:!'^ 

h®4 02itmiEmsEi?ajtJi3 9<r)±^bfi.m.mi^mm 

m4 2tcomi>Zp-Ga.Ast^(^m.^::iy^^ hm4 1 
3!p'J^^$iXl), ^fc3 5{4n-GaAs«fix34±'\«0 
^a^^^Sr^atC-^-S 3tift>iO n - G a A s >'N' •/ 7 r ® . 
4 3 {4B«fBK^(CiS{t;t«»£«®-Cfc^ . 
[0004] 09 IC^tlsa^^O^^^l^OL D tiJUT 
{4, fil^-h'S'Jffll{4f6?\5«3 7*»^>0^x^.;t'^-*i 
MiemSS[iajh«3 90^'^iliJ: 0 v^c: t J: S 

ymm}^^mmvxnt>tL:h . ^tzzcommxit. e 
f*t:««-r-s>nyi5'i?ha4 itLT. ^*««3 4a 

X/mtimm±M3 9 i:|iJt«1sf*ifflv^^><xTv%syia^ 
^MJi$tlfzm2C0^t t3^ii3 8cOMffl!lHt=«tT 
-rs C: i:*^'-Ct !> , L*»L±iacO J; o^LDcom^Xii 

m=t- mmt^iiiTizmr^i x a iz^mizx 'o'^hti 
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[00051 ±ucrm0km<r>mmizm\'^t:J: oiz. 
[0006] b< iz^em^<r>^^ v'^m'p<7>A.^B t 

[0007] 

tZbi:S^tLX\^^6. 

[ 0 0 0 8 ] 119 im^^xmrnLtzx o i^. ^(T^im 

^J^g*<G a I n Pmem S 7 <Dm6:i^^f\^^-X 0 

h^b^^-^tzMz. mm±m3 9(omiixmti^A i oa i 

n Pm tj2>ibm 3 8£7)®tlf^ J; 0 < . Slff^Ht: 

[0009] ^mmcom^izMi. z<7)t^m'e- h 
mmiznLxwi)]t^j:^<oii. st)f^coj^gpKffis-r 

n - G a A s ^5 ^2. mSiEfflihil 3 9 ^©itZl:: 
[0010] mkC0^mm<r>LDlZit^Xli?>4)HZ^ 

figOll^df^U^?5i^*>ie:^-C'S>.|., :i<7)tzib^ LDC7) 

n{f^:^>^l,^, GaN^^OLDT'ti. ^^tCffi^-T-SW 
miJ^G a N i: i^cyjlC, G a N J: 0 t «$iJ^i|i^7)/jN§ 
V^Ga I nN$rf&3tai: m^SaihSi: LTGaNS: 
fflv^ix{f«aElljhJitcil.3eiRiR*«/h$<. *>ot&^ 

^•t^iO^X'ii. HfflW^rGaN^WfeLD, LEDSr 



[0011] ±ti<r>X 0 l,ZG a NStXG a N^jl^JrlB 
v^/v:LD, LEDco^S«^i;LT, ■•f^r^-V. Si 

cm<7mm±izGaLNmmmmiph^^^^. 

iki:m^Lfzh<7)t,K mmbLX^x.t:>ix^. L*»LM 
lE^SIiiti:, ^ii2r^«-ri.-9-:^r>(-^. S i C^co 

iz. mi^mmm^izmmmcommm^L. 

[0012] mWiTwmm-h l d ^les-r 
mi¥mmi&m-^fzibizmm<^m^ ^o. o o i - 

0. 0 l/immStcL^(mtf=5r^^v\ ^fz^^-V^ 

b^<rf-H^^jmtw^wS:^m9^-t^tiif>izii. mt 
Q^m<7)mmi)^+-^tzm^^z b b . vSttJi b m tiz^s 
cDmrn^^cDm^^^ < . t>-:>^^bmt^mcDm 
(r>^'r\:im^m^^mx'h h^b imm^ ti^ . 

[0013] Wmc^Wf^iZitm^ A 1 , Gaj., N 

(ogxgi) ^:m\'^xmtwibmimm-hi,zi±^ a 

Iffl^xtLT^O. l.ait<(i:0. 15*»/i> 
0. 3(Dmi:^-t^:LbtPiSimX'$>'0. ttz^^bcr, 

m=m^<r>m^t^(^iio . isarb-r^f^bimit 

miE3feKtj2^S6m<^«T^lHlfIt- •S.^ca^t^ti. 
■r-SAl GaNJ:0SI«ltiIi<O/h$UGa I nNtCt^r 

[0014] -ifjmt^mco^mi. 

0^:^«lS-e{S^-^< i: 1 0 . 2um^mtL<iiO. 
A 1 ffl^ROiSV^A 1 G a N{i, < p J^OitStit**© 

<. :i<r>rz^m\:.Ti^m(r>^ifi±x'hix\,i. mmm 

[0015] m^x^^mcofmLx a b^^mmii, 

^mM<^m^i3\^(nytb tiiih^mmmmx'^w « 
jd^-fbi: «s5^iEiitc-p^*^'-sei^- . mmm. 
±mi.zyfmmimaLxm^^ytf&mimi:±t ^^th 

ZbiZj:*)m^-t^^ibiZh^, -r^i?*>Ga I nN^ 

s-^o t tifz^t^m^mmtmcomm^m^^h^i^ 

\^iiifz-tZbiz$i^. 15«|JSLED{4. LDi:|SI;^55:« 
igcotcoS:, t^\Mmm:XrX'mi^^^ZbizX 0^ 
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[00 16] 

fflV^^dtlCiO. GaN^LD, LE DiOiDfPllE^r 

T'{i^<, mmmizTfmm^ma^hijmx'm^MjtM 
(DmLU^mzmM-t^ ^tizxK). m^M±mi,zm 

[0017] ^X/^^V^^:mtWib:^,fzib(^mtj2, 
>f)mt Ga I nN%3tiii:t8^^-rSGa 

N, A 1 GaNSrfflV^SClfctliO. JffiSf^Htc^-^^ 

[00 18] 

[^HjcollMtOJg®] iilT0B5$:#MLr2ti:MHgc7)lgl 

■r. F-^-iRj^l -5X 1 Oi8/cm3 .att<{i3 
-5X1 Oi8/cm3 COHfiit (000 1) Srqg-ti)n 
-S i cmm2er>Sim±liZ^ S i Tn-A 1 N*> 
1 - 5 X 1 0 19/c m3 , $ 1 - 1 0 

0 nmcoyN' /:7T«3Srl 3 5 0°C«Oia^t-J^Bg;-rS, 
»:l3fS^^-&lc:J;^S;^iSrl^-r-S.^^i6ti, NH3 i: 
*S<7)M-^g!E4'-Cl 4 0 O'C-CB Oii-T--;l-L5t 

S i h'-rn-GaN*»^>^^K-:h-}IUgl-5x 

1 Oi8/cm3 . m^l-5um<7)f$iay^':^ hm4 

[00191 ^\^m^mw<r>^m^i:m^'t^ s i k- 

rn-Alo.2 Gao.8 N*^^>^^ h'-f— ^IUK5 X 1 0 
i7/cm3 -3x1 Oi8/cm3 . ;i§0. 2-0. 5 
jjirrKDmi^y^yV^mSt. S i H— T n-GaN3&»ii> 
^Sh'-^-i6jS5xl0»7/'cm3 -lXlOi3/cm 
3 .»$0. 1-0. 2jumO||l«}SJ16i:. S^e^ 
t(i:^|iE!|^jSr^jDL=5ri'^J?$0. 001-0. OSum 
<OGao.85 I no.i5N7{)>/J>^l.5Bta7fc. MgH-T" 
P-Alo. 2 Gao.8 N*»/i>^^T:J'-fert5'mSl -5 
Xl0i3/cm3 ,if$0. 01-0. 05um(7)m2 

i^^yVmab. Mg K-Tp-Gao.s Ino.2 
^>^ST^'-feT^'iSJSl-5x 1 0i8/cm3 , 1?$ 
0. 00 1-0. 0 5xtmc7)nrfiatl©JRii9i:, Mg K 
-rp-Alo.2 Gao.8 N*^^>^Sr:7-fer^'aiJgl 
-5X 1 O'S/cmS ,jP$0. 01-0. 05;tzmiO 
^J' 7 «/ 1 0 SrJgfig'ri. . 



[0020] mzamtT):^ hy^ rtticjnx Lfc m g i>' 

-7'"p-GaN*^<^^-|>T^-br:J'iUgl - 5X 1 Oi« 
/cm3 . USO. 0 1-0. 1 MmCr>fH2m^l 1 
MgK-rp-A lo.i Gao.8 N*»ii>fig-&r:J'-b 

r^m^i -3x 1 oi9/cni3 ,;p$o. 2-0. 5 

//mO||4:7 7-y HSl 2 i; . M g F— Tp -G a N*> 
^B£l.r7-fer^ii]^2-9x 1 Oi3/cm3 , JP$ 
0. 0 1-0. Ixxm<?)4i|a3>':?^'h®l B^lilc?^ 

^-r-s . am<7)x h^-^ rmztajiLfzmtm 2 
1 itmA'^^-/Ymi2t^m^y'^^hmi 3co± 

tCtiM g H-r P - B P*»^>^^ T:J'-fer:J'iUg 1-9 
Xl0i9/cm3 .JS$0. 5 S/zmOny:?^ h/il 
4S-JI^^-r'l.. c:c:T'ny^:?hJlco/i§i:{±, fl?gx 
h7-frcO]l±®*»<i>. PaZn/Au*>i5>Bg^S±a5 
1 5 t7)T® * 'C'<7)8EWIT«> S . ^feT 

1 /P t /-A u *»4>^^mSJ**&fflc7)**i6i«fli 1 n - 

S i CW^2\,ZWLni^tlX\^h. 
[0021] ClcOlf itXii. «8£$l5J^{iB P i: A 1 G a 
NJiS&tXG a N i: oS<7)^v ^^T^apSS . WSiBLM 

g v-T'pm^y^^ hmmx'cr)m)}^mm^(7)mTiz 

XK)mm^tl^. Al GaNil^2Stl^GaN-C'{±. iE?L 

2 fctf^rr 1 3co^<7)»M^II«e<Jt:?«5fe$ 
id. MgOb'-b-:y:?^iftSSrl X 1 Oi9/cm3 ULh 

[00 22] l|2;?9vHe8«M17*>ii><7)«^c7) 

me tmmnm<^m^iz'ttz ti>zx*) . mm^ti^ 
^m<m±mi:mM i <mmzwm-h i 1 i 
•9 . m^m:'&m-hmm>-^ h . .r o . o 
1 yiyn\^xr<^mmmtM<r>^\.zmmx'hh, 

[00231 *;tp-A 1 GaN|g3^^>y h'ill 0 

Jj-y2:fflv^/::^ffix.y^y^lci 0 P-GaN||23t# 
^1 liO^+im^L^^. P-BPavrJ'^'h® 

i4$-#ia#jRmffi^«ST-«:S-r-i.iij>itc, 

*t>i ooo-cco^Mi^-f-^chicio, a^-r-SGa 

latex -y^^^^f*. P-BPn:x^:5'hJgl4^B«:S 

•r-s. B#<o*ffij»?f -fio:^ h LT t i^T'fc 0 . P - B p 
•3v-9^vm\Ah%3 9v-jYm \ o<r>mmmf2m' 

^11, 114 7 -y h'S 1 2<r>mmtffM<r>^=r^^ 

^^Wiztkmumt^nm-h i: i= i o . eax^^i 

iaih«gltg?:5l»t- 1. C: i: *»'T'# I. . 
[0 0 24] p-Ga I nN-SJ|aft©HX®9{i. 3|s:||i6 

1^, i^oiiujfWiiaGHzjjUK^eeia^dHif^^tTdc: 
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[0025] BP\i^mw^m^wx'ihhfzii>im^ 

a N J: 0:';# v^/::4^lc®j;f^3&iG a N J: < . 

I.. ZCDfzib. AlGaN. Ga.Nmt:m<-thZt*^ 
mulzX O^tti 1 02~1 03 /cmOjiJS^r^tiRiR 

im^ximm^m<^{!f^\i ^^^meot/t^ ^ x ^mmL 
[0026] m^imi^mconmmmni. t i : o . i 

Xtm. Pt : 0. l;Ltm, Au : 0. pfflUftfii 
1 5(4, PdZn : 0. Ijum. Au : 0. 3um^m 

0 0~8 0 0X:-C'l^3!ftat, :t-S y^mfiSSrJ^^^ 
^. C:(?5(5*-niflS«ii:L-C(4Ti AK N i S:. pHI 
mmt VXiiN i , N i Z n&yf-?-0-^^S:ffiffl-ri.C: 

[00 27] ^fcA 1 N^^'•y :7r® 30^*tCfgLT 

1/10 1/100 tCJSiJ^L^. iiX{4j«:g^ffiC 

s i c^2<osMA^'M'fi:L, -mmL(^^^m^-t^(7) 

i:m±-t^fzi!bX'ht. Al NyN'v7rilco^{4 0. 

0 0 1-0. ijumt-t^cotim^Thh. ^tiarx' 
1 0 0 2 8 ] 02 {4*i%B^<7)ii 1 </)mii(mn§.cni^m 

SrSK-r»feLDc7)BTHiaT'ftl.« *^i^i5iJT'{4ei?^icjD 
X$tl/ip-GaN|g2#^Jil 1, p-AlGaN^ 
4^'7>yH®12, P* -GaN«1>raay:J'^hJil 3 
<7)Mffl!l<0H±(3n - B P«gSEffljh« 1 6 Srl^ft. BUlB 1 
3i: 1 6c7)±t::p-BPr?>'^^' hMl l^m^Lfzij 
(nXhh. ^<mm^W»t. n-BP16i:p-BP 

1 im/p-A 1 GaN 1 om<nm^zm^^ixh^'rr3 

3. m4<?3pJK^9 vHill 0. i2Rx/m2m^mi 

[0029]|13{4BP 3!)WM^^^ig-eS> 0 
■C'J)^::i:^fiJfflLr. ll2t:S^-rLDffiit&?g^co 
1^, >N'-x7rS3S:-^*^Tn-S i ca^2S:?3fatJ: 
*)^Ltim<7mMmX'ibi>. ::<^l^n-GaN<0^ 



«^i|i&1Efi§l SfcLTT i/A 1 ^fflV-il,, ^^«tCn- 
S i CKM 2SUVN' .y :7 3 $rl^-r^ i: tci 0 , 

[0030] ll4{4S2tOfl?^tc;JnX$^X7t pJ^ii^7)M 

miz. n-si c«s[ifflih® 1 9 imftzifiLCTy^mx' 

hh, n-S i C$:fflv^^i^lc{i, T;^5-^2:v;^^' 

fcLTpj^MSrCitciioxt^f*, wm.Wizx'^mm. 

[ 0 0 3 1 ] Il5{i, 2|s^BHt7)||2^^c7)j^®2:S^-t 

m^fjA Ymm^i^^mmmxtbh. #Bg#^i~8 

*-C{401 i:|si;K-C*l.fe*^)|}iHJS:«B&-ri.« p-A 1 
GaN||2^7-y h'8c7)±lC:p-GaNm2S^2 
0, P-A 1 GaN||3^^-y H®2 lSrJ^^-t-g>. P 
-Ga I nNjfi^fmRJCZ^ (laS^^tLTV^^rV^) {4, ^ 
StjStTBinsm2 , ||3c7)^ 7 -y Hiic7)^t;Jf A-f 
¥ia'5rm3^^-y Hii±t:[a^{CjPlt^cp-Ga 

3 2 2 i: . ^<mm<r>im^zwmAS^<r, n 

- G a N 2 3 S-J^^-t -S. . Bfr^IHI«(Cjnl L/c P - G a 
N|g 3 2 2 ay^fl:giEffl±ffl<7) n - G a N 2 3 C7)± 
t:(MIB$:a46iitf J; d It p - B P 3 ^ h Ji 2 4 3&«Jg 

[0032] C:i0ief^tiiEffiihl4n-GaN2 3i:p-B 

P24i:^O^c7)A.x^pn^-^^:J;0^T*>^^•i>. 

^- KSiJfflitiHirfaB P J: OSa^as^/i^^feJiigPcT) 

»iElMTT\ ico* *«3SiJS«^L E D i: Lriftf^-S ^ 
<0#feLDi:LTfflV^|,%^lC;(4, p-GaN||3^ 

S2 2i7)iyHfeain:i:. wmj&M<r>n-Q,3.i\i3^m 
»&L, BPSr-^ftT^T¥ffl=5r^«fllJti:-rSC:i:*<-C 

[0033] iXtciae tcs^-rWfeLDc?)|BrH0icS-:r 
2|E^BBcOSI3cOllJfico?gSIS:lttaJ-^-&. ^Is^cOJ^ 

.«T'(4n-S i C^2/v<omSi[ttfi§i: LTAuGe/ 
Au 2 5S:fflV>Tl^Sfl!l. Ga I nN|BtJi7*-emi 
c7)|ISfii^J^®i:|SIfCfc-S^c«^. giHflS-«lil&-rS, Ga 
I nNlBfeSyoilCMg K— rp-GaN*»^>fi£^fl[ 
§0. 0 5/imOm23K^^2 6, p-GalnNii 

mcmm 9 , aj^x hv^ r*^tcjnx m g n-r 

p-A 1 0.2 Gao.8 N*»/i,)RSi?§0. 3Atm<7)m2 

^y 'y\^m2 8. Mg h'-Tp-GaN*-A,^SJf$ 
0. SMmcT^ttJ^^^-^i? hjl2 8*>li<J:?^^§n-&o 
[0034] CiJ^cOX h 7^ 7'^^ic:JPXL7t:ll2 ^ y 

]im27 bfpm^y^^^hm2 8eomm^z^i.^ 1019— 

lO^o/cm^ i:©?limcMnS-h'-rt-|.ii:tCj:0 
JtfRUXSriiJP^ ^tfz G a N^gjEffiih® 2 9 *^ m^ti^ U 

m^^tl^, S1*tCMgH-rp-GaN*»/i>B£i,J?$ 
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0. 5umcr>ay:$'^hm3 0^m^^tl^. 

[0 0 3 5] ±iBo<f3ttct3i'>T, mimmecDm^ 

0. 1—0. 2/zm3&>\ ||2#^26OJ?§0. 05 
//mJ:0tl?V'><7)«. Gal n N5B^yil*l<?)jEfLcO^ 

m 1 6 -CcOiEfLcOSM^^rte^-r 4 C i: **'-C'# ^ 
ittii-l.. p-GaNA»<i>ritl.||2S^2 6{iJtffi 

[0036] ifTfiawiRjRa 9 (om^rum lisgh zka 

<0*feLDX{SS»J^»feL E D i: tTfflV^I, i: # 

ji. mMe^mmifsim 9 1 BisiSiiJi 2 9 l . ^ 
x=f-mco0'mmmizx ofneL d , l e d sr«^-rs ^ 

[0 0 3 7] l;»£«IS{Sniyi0miS2 5tCAuGe : 
0. lAtm, Au : 0. S/zm. pfflj<7)^3 1 ICP 
d:0. 5/xm. Cr:0. l//m, Au:0. 5// 
m. ^Jg^c7)f^^vS1±^xX{4M^;y>5.ctJ-C'4 0 0~8 
0 O'CX-mm-t^ C: i: J: 0 ^- 5 >y 3 ^^rJ' ^ h** 

[0038] ±ieo i 3 a NmsSiailJI 2 9 1={4^ 

-ri. ^ i: Kcfc 9 G a Nj&^lSffiljti: ^ 0 . Wf^SS^ Iffljh 
'ri>:ittfiX^i>, |BimCBil£GaNmS5iaihJi2 9(i 

102 ^103 xcm(7)mm^yd!&mim^^'txoiz 

«^B#m^ifflih« 2 9 ^iO^jD^M^^fi: . M n JilJ'htC t S 
TtiSi. Se. T^-fer^J'iiLT^Zn. Cd^i;'** 

0. |5lSJK<OCi:H*«IDlOa*ii-Sn:a^>, mmiMmx 

[ 0 0 3 9 ] 07 . ia8{4Bli^3c7)||JficOJg®iO$9^ 

MT'S^^S.. lll7{Ci3V'>T{i:3yi5':?'hSi:LTp-BP 
17SrfflvvTV»S. t/i[l8(;fc(,->-C{i;r3>^^^ hSi: 
tTA 1 ^i^iiJ^tw^DL/tp-S i CSrfflir^TV^I., 
B P t S i C t^ttc:fa«^j^T-*)-S:^*6Jt!KW3KiRiR 
3E)^'/J^$ < , *--PlE7Li0^illjK*^':^#v^cr)-C'p-A 1 Ga 
Nm2^5-yKe27, p-GaNtf^rJi^^^ h«2 
8cOJ¥$^^< L-Ct, ay:S'^'h®3 2O3tiRlRt0^ 

h . m^crm. 0 B PT'tiG a N i 0 

t^-f'l.iO-C'. BfflBm2i?7-yHS2 7. ^'^ay^' 
^' hi! 2 8<^)liS ^5ei3S< -C^ -Sf fJj^iA*S)& . ^:*Jia 



8 lC5^-r^?g0iJT'{4. SiCn>:5'i?hS32SrJS<^ 
*Lfcm. S i C^2i:/N'-/7T®3SrW®twJ;0i? 

[0040] lai 0{4*^HJC0LD. LEDSrf^-ri> 

s i c^:gs«6 i-hm^-^^y^'^r^ e 
4e^±izmm^ti^. :^-^^y^-^y^6 4ii-mmm^ 
■^)i'6 5izx'ommmm^fii>. mmeicoiSimimm 

•cv^^v^) izxKimm^tL^. ^^m<7)LD. led{4 
flaiBH 1 0 commm^m^^Xi!f:(r>x o ^j:ijmTim^ 

[0041] Si C^;RS:^6 7 2r;&-^>"9--br:5' 6 

4izmm.Lfzm. ^^^mxae 2i}-^mnmA<.mi 1 1 
/m i n^AL. mame icnck%^mm-?>. mz:^ 
xsmu 6 3 * a- ir^yyt,zmm, l . sjiB«i*fa5<7) 

E:>3Srl 0 — 1 00 t o r rC0lSHtCi5^-r.|. , 
[0042] S iCBg**K6 7$:^KS4'Tl 500'C 
lcJlg»t^H$'M?!Kt-r-5. iXtc^^S: 10 5 0- 
1400-Ct:®TL. 7i<.m:^XI,ZNH3 :ffX. N2 H4 
XliN^:^tS^mit^. mUf (CH3 ) 2 N 

2 H2 Sr^A-r-Sfc^^l::. *<S^«^l:^!^$r#At^ffl 
filcSSr^ra. Ga>fb^!|%J:LT«. mJJGa (CH 

3 )3 X{i:Ga (C2 H5 )3 Sr#ALT^*$rffd. 
A 1 -fL^fc LT«4. mm A 1 (CH3 ) 3 XtiA 1 

(C2 H5 ) 3 . I nit^mtLXii. mtiil n (C 
H3 ) 3 X{41 n (C2 H5 ) 3 ^mXVXAl^ I n 

mmizmx-t^, 

[0043] :^pmmiM<7)mmb trii. nj^^migjffl 
tLxsi 7i<.m^m. Mx{f s i H4 . wa^jis i -fk 

-&!|%. plJ;i{fSi (CH3 )4 , X{4H2 Sem^h 

^, pm^mamtLx^immMsit-^m. mz.iic 

Pa Mg (>'-^U^yiS'i^X.—fU'?^:^^i^y^J^)Xii^ 

is^iRzn (CH3 ) 2 m^mm-ti.. mm^mu-t^ 

(CH3 ) 2 N2 H2 i:m^^^. 

[0044] pj&^mmco^mtm^ma-t^fzMz 

^CDfzib. ^^1^m'(:><%ffl-r?>m. 7 0 0-8 5 

o-csTiiNHg ^xfiiX'}^mLxm.mcr)mmt:mt. 

^tmTcOimxU^mit:^'X'PXi^&-t^ ZblzX'O 
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^coilMSr^tcll6±t--l> Z b ifX'^ ^fzib. 9 0 0- 
12 0 0 X:X'<D-m^mmi:^'^mT$> § If J&» *)T^<. 

[0045] niSimmcoM:i^mit<!f:cr>mK)X'h?> , m. 

ntLXNHs SrlxlO-^mol/min, Ga (C 
H3 ) 3 ^ 1 X 1 0-5 mo 1 /m i A 1 (CH3 ) 
3 ^1 X 1 0-6mo 1/mi n^AtT^;g$-tTa. S 
WL^ii 1050°C, E:fj76torr. m.mA':^<7M 
»g*J± 1 1 /m i n. nm^mst LT S i t S e , p 

mwi^btxMfstmmi:m\'^^, z(r>f^:^n^<^ 

mU'XliSiHt . Hj Se. CP2 Mg. TuJ-^y 
[ 0 0 4 6 ] G a N^r-amm^ir^mt. BJg-fbflB 

ranyr?-:? hJll 3. SI4^'7 y Kai 2, GaN|g2 

F^-C. NH3 h*S2:-^tf#HM'4'-C'^J^l 0 0 0- 

12 0 o'c-c'3 o-imumtt, zcTimam^zi: K>mm 
{zm^titzGaiNm2m}mi}miRmz^^ti?>. ^ 

[0047] mzmiiS^t: 1 100—125 OXllzWl. 
ML. Kliimz=J:r^yyf!i-^:xy^yt:mXLXp-B 

pay^^hmi Ai^^-t^. pmT^mntLxim 

Zn. nm^mmtLXliSi^ SeSrfflV^^o El 

ei/ZTf^-rxoizm.mzp-G aiUay^ ^ hmso^gL 
M't?>^izii. ^a^j^^mm^'J:^ji'^xis^4oo 
-looo'c, ntLKite 0 0^8 0 o'cx-mmm-t 
^zti,zx'o.m9m'i^cr>mm<7)mfi:9Vx.. pmmt: 

[ 0 0 4 8 ] la 1 1 izmmmm:(r>m^<oim^^s-t. 
^^mxm^hTJ\^^ybmmcDU^:^^imxt. m 
%nx*) n-rj' u niyy^m^^xm^-r^ ;ittzx*). 

-^^mtTymm^mmx'hh . sm-^i 3±.^zmmw 
Lximcrymm:^ o . mum i tc^^-r i 3 

t:. m.mz^m-^^y'^':'hmifp-BPX'hh^ 

[0049] 

[%Hfl<o$&m] ^J,±M^fzi:'?\<zmm^<7>T-Wmm\<z 
J; 0 it®t5i^;*cfit:«^ L^c B p . G a NXJi s i c $r 



m-^HbiJ^X'^h. 

[0050] BP. GaNXfiS i CA^/i,^l>mgiEffiiJ: 

[0051] t.fzmm\>ZGa. I nNiEa^HSrfflVK 
ffijhSaiXn y ^ h fitii®MO^cA^>cO*Ji{£f B P . G 

2:/h$<L. ■mwmmmw>cnmzm-:5<i^^j:im.mz 

[iaffi«7)fS#:3:|jiHj] 

[HI] 1 <7)|ISi<^?gJB<OLD<7)flBt^S^-r 

BffffiH. 

[112 ] ^WmW. 1 i0||Jg<0?^®O^fiFij^^-rBrffi 
[133 ] S«?S-|^L:t*f6Hj<7)LD«Jt<7)^WS:S^ 

-tmmm. 

[04 ] 2|siiBjc^^ 1 cmmc^mmcDitK^^mm^^-t 

[05] :*:||BHc^l|2<7)SISSO?g®<7)LD<7)«jS&^-r 

me] :^^m<^m3(omm<7)mmcoLDcommi:^'t 

[07 ] *5|BaiO|g3<7)||Sfi(^jg®<7)^^JSr^-rBlfffl 

0, 

[08] :^^mcom3com^commcom<:o^mmt:^-t 

BrB0. 

[09] t¥*cO^^^«iOLDi^«jS$:^t-Bfm0. 
[010] *5|Hac7)LD. LEDOSjt^ia«0M^$r^ 

■rB&0, 

1 Ti/Pt/Au^Bi 

2 n-S i CWHR 

3 n-A 1 N^'N'-y^rS 

4 n-GaNHiny^'^bJl 

5 n-A 1 GaNmi ^'^•!' KJi 

6 n-GaNmi»^ 

7 Ga I nNfl3\yi 

8 P-A 1 GaN|g2i75 y b'Jl 

9 p -G a I n N-5ri®^®JDUi 

10 P-A 1 GaNS|3^^>y K« 

11 P-GaNm2#^ 

12 p-A 1 GaNS|4^7 y 

13 p* -GaNti>^ay:Sf^hm 



nm^9 - 2 3 2 6 8 5 



1 4 




3 5 


n — GaAs^'v-zyrJi 


1 5 


PdZn/AulS§ 


3 6 


n-A 1 GaAs^lfflt-jii^)® 


1 6 


n-BP«»£iaihJi 


3 7 


Ga I nP^m 


1 7 


P-BPny:J':^hJI 


38 


P-A 1 Ga I nP||2Kl:.iift« 


1 8 


T i xNmM 


3 9 


n-GaAsttaSERlitii 


1 9 


n-S i C-cmsKffiihB 


4 0 


P* Ga I nP'frany^'^ 


20 


p-GaN^2#^ 


4 1 


p-GaAs^V:?^ hJI 


2 1 


p-AlGaNm3^7-yHJi 


42 




22 


p-GaN||3^^ 


4 3 




23 


n-GaN^fflitJi 


6 1 


^^^^ 


24 


p-BPnVrJ'^' hm 


62 




25 


AuGe/Au^ffi 


63 




26 


p-GaN|g2#^ 


64 




27 


P-A 1 GaN||2^7>>' h'ii 


6 5 




28 


P* GaNtfia^y^^^hJi 


66 




29 


GaN : Mn^^SM±M 


67 




30 




7 1 




3 1 


Pd/Cr/Au^li 


7 2 




32 


P-S i C : A 1 ay:?^' 


73 




33 


Ni/Aum® 


74 




34 


n — GaA 


7 5 





[HI] [02] 



PdZn/Au^ 



p-AHGoN 
GaInN 



n-AAN 



Ti/Pt/Au- 




p-BP 



n-GoN 



n-AjGoN 



n-GoN 



— 14 



n-SiC 



15 



6 



.^4 

-2 
I 



PdZn/Au 



p-GalnN-^: 
p-AlGaN- 
GolnPK^ 




n-AlN- 



ri/Pt/Au-^ 



n-OoN 



n-At6aN 



-GaN 



n - SiC 



-U-4 
'3 



[01 1] 



74 



ArN2 



HF 



L^vJ 



\ 



72 
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[113] 



PdZn/Au- 



p-GoInN- 



P-BP 



n-BP 
p-GaN 



p^-GoN +-13 
-12 



P'AfiGaN 



-11 



n-GaN 



n-A96aN 



n-GoN 



-15 

16 

-8 
7 
6 

+-5 



— 4 



PdZn/Au 



p-AilG<iN 
p-GoInN 
p-AlGaN 

GaInN 



n-AON 



Ti/Pt/Au 




[06] 



PaZn/Au — ^^y / / ^ J/ ^ y / / ^ ^ ^ / / J Ar -'\^ 



p-A£GaN^ 
GaInN — 



n-A6N' 



p-BP 



,-.24 



p-GoN 



p-AlGaN 
p-gflN 



n-GoN 



n-6aN 



n-SiC 



'xxi^ME^.^^Tiry y ^ y y y > / y / / / y //Tr7\ 



.23 
.22 

.^\ 

^20 

^7 
6 



-3 
-2 
-I 



[07] 



PdZfl/Au 



p-GcInN- 
p-GoN- 
GalnN^ 



n-AlN- 



AuGe/Au- 



p-BP 



GQN:Mn 



p-^GoN 



p-AlGaN 



-28 
-27 



n-GaN 



n-AlGoN 



n-GoN 



n-SIC 



-29 



,9 
<26 
-7 
-6 



—5 



2 



Pd/Cr/Au . 



p-GoInN- 
p-6flN — 
GdnN — ' 



n-ACN^ 
AuGe/Air^ 



p-GoN 



GaN:Mn 



p*>GoN -28 



p-A£GaN .^27 



n-GaN 



-31 
"30 

29 

.9 
'26 
-1 
-6 



n-AiGoN 



—5 



n-GdN 



n- SIC 



[08] 



-4 
■3 

-2 
-25 



Ni/Au 




GaInN 
p-6oN 

GaInN 



^25 
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[119] 



[HI 0] 



GoInP- 



/ / 7 / / ^rrTT-y / / y / / / 


L^42 


p-6oA$ p*-6aInP 




— 41 


7-^40 
n-6oAs / \ 
/ n-A(lGalBp\ 




— 39 
,38 




-37 
-36 


n-Afi6aAc 




n-6aAs 




-36 


n-fioAs 


-34 



-43 




J 



